Improvement on algae and turbidity removal in an integrated flotation and sedimentation unit using side flow-inclined plate settlers: evidence from a full-scale field experiment Ruijian Zhang, Zhimin Sun, Bin Cui, Pengfei Ren, Zhili Du, Xin Chai and Jing Lu ABSTRACT Operation of conventional drinking water treatment plants (DWTPs) is limited by seasonal variations in the characteristics of raw water, such as algae levels and turbidity. In this study, an integrated flotation and sedimentation unit (IFSU) with side flow-inclined plate settlers (SFIPS) was applied to enhance the removal ratio of algae and turbidity in a full-scale field experiment. To accomplish this, the performance of two IFSU reactors (with and without SFIPS) treating algal-rich water, low-turbidity water and highturbidity water was compared. Extensive experiments were conducted based on a central composite face-centered design, and the results were analyzed using response surface methodology.
INTRODUCTION
Conventional drinking water treatment processes, including flocculation, dissolved air flotation (DAF), sedimentation, filtration and disinfection, target the removal of impurities such as turbidity, algae and organic matter, etc., from raw water (Hohner et al. ) . 
METHODS IFSU reactor and operation
Our experiments were carried out over a few years in a (Table 1) , the water in the system was made up of algal-rich water, low-turbidity water and low-temperature or high-turbidity water on rainy days.
In this study, the 5 M l/d IFSU was divided into two portions, a SFIPS and a non-SFIPS IFSU system. The loading rate was 2.5 M l/d for both systems. 
Experimental design and mathematical model
To describe the interactive effects of the variables studied on the process and eliminate systematic errors while estimating Because a categorical variable (SFIPS) in two levels has also been considered, 40 experiments were conducted. The range and levels of the variables in coded and actual units are given in Table 2 , and its deviation allowance was set to ±5%. As in Table 2 
where i and j are the linear and quadratic coefficients, respectively, and β is the regression coefficient. Analysis of variance (ANOVA) was used for graphical analyses of the data to obtain the interaction between the process variables and the responses. The P value with a 95% confidence level was considered to indicate the effectiveness of the model terms.
Analytical methods
Chlorophyll was determined using the method described by 
RESULTS AND DISCUSSION Results

Model fitting and statistical analysis
Two IFSU reactors, one with and the other without SFIPS, were applied to conduct the aforementioned experiment.
The experimental conditions and results for the two IFSU reactors are shown in Supplementary Tables S1-S3, while different degree polynomial models were also presented in Supplementary Table S4 (available with the online version of this paper).
Reactor performance
The ANOVA data for chlorophyll removal responses are shown in Supplementary Table S4 . The experimental data were fitted to a reduced quadratic model. with SFIPS compared with 38.8% without SFIPS at condition of 4 mg/l PAC and 2.6 mg/l NaOH, while 38.3%
with SFIPS compared with 34.9% without SFIPS at condition of 6 mg/l PAC and 2.6 mg/l NaOH; in Figure 5 In terms of NH 4 -N removal, the DAF process was more effective than the sedimentation process. The minimum to maximum ratios were 25.31%:66.59% and 30.23%:72.15%
for treatment of algal-rich water and low-turbidity water, respectively (Supplementary Tables S1-S2 ). However, the NH 4 -N removal ratio obtained during the treatment of high-turbidity water was only 10.9%:32.47% (Supplementary Table S3 ). As shown in Figure 6 , the effects of SFIPS on The velocity of the floc-bubble-aggregates in the upper part of the separation zone was also simulated using a waterproof microscope video and computational fluid dynamics during the DAF process (Figure 7 ) (Li et al. ) . Prior to the separation zone, we set a baffle to obtain a height of 3.8 m between the surface and the top edge of the baffle.
The height produced a cross-flow (above the baffle) water which squeezing out anions and changing the bubblewater interface from negative zeta potentials to positive zeta potentials. Consequently, the positively charged bubble-water interface would affect the interaction between bubble and PAC particle floc, which lead to the lower removal ratio obtained from flocs with high NaOH dose during DAF. However, more micro-data need to be analyzed to elucidate the above experiment result.
In terms of treating high-turbidity water via IFSU, the performance of the sedimentation process was equivalent to that of other settling plants, and it overcame the ineffectiveness of the DAF process for treatment of high-turbidity water. The IFSU integrates the flotation and sedimentation process in a single unit, therefore, it has a smaller plant footprint, which is a significant advantage for facilities in large cities. Moreover, the need for only one structure for DAF 
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